In this work we present a sensitive and systematic single-dish survey of CCS emission (complemented with ammonia observations) at 1 cm, toward a sample of low-and intermediate-mass young star forming regions known to harbor water maser emission, made with NASA's 70 m antenna at Robledo de Chavela, Spain. Out of the 40 star forming regions surveyed in the CCS(2 1 −1 0 ) line, only 6 low-mass sources show CCS emission: one transitional object between prestellar and protostellar Class 0 phase (GF9-2), three Class 0 protostars (L1448-IRS3, L1448C, and B1-IRS), a Class I source (L1251A), and a young T Tauri star (NGC2071-North). Since CCS is considered an "early-time" ( 10 5 yr) molecule, we explain these results by either proposing a revision of the classification of the age of NGC2071-North and L1251A, or suggesting the possibility that the particular physical conditions and processes of each source affect the destruction/production of the CCS. No statistically significant relationship was found between the presence of CCS and parameters of the molecular outflows and their driving sources. Nevertheless, we found a significant relationship between the detectability of CCS and the ammonia peak intensity (higher in regions with CCS), but not with its integrated intensity. This tendency found may suggest that the narrower ammonia line widths in the less turbulent medium associated -2 -with younger cores may compensate for the differences in ammonia peak intensity, rendering differences in integrated intensity negligible. From the CCS detection rate we derive a lifetime of this molecule of ≃ (0.7−3)×10 4 yr in low-mass star forming regions.
Introduction
The lines of the CCS molecule are a powerful tool for studying the physical conditions and the structure of dark molecular clouds, because they are intense, abundant and not very opaque in these regions. In addition, CCS is very useful for performing dynamical studies, since it is heavier than other high density gas tracers and it has no hyperfine structure (Saito et al. 1987; Suzuki et al. 1992) .
Moreover, CCS is useful for obtaining information about the age of molecular clouds. Previous single-dish observations show that CCS lines are intense in starless, cold, quiescent cores, while ammonia tends to be abundant in star forming regions . It has been suggested that CCS is present in the first stages of molecular cloud evolution, but it is soon destroyed (on a timescale of ≃10 5 years, Millar & Herbst 1990; Suzuki et al. 1992) after the formation of a dense core. This destruction process is induced by the core contraction ) that initiates star formation. On the other hand, when the molecular cloud evolves, the physical conditions and the chemical evolution in molecular cores favor the formation of other molecules like NH 3 . For this reason the abundance ratio [NH 3 ]/ [CCS] has been considered as an indicator of the evolution of molecular cores. This time-dependent chemistry is responsible for the pronounced spatial anticorrelation observed in the emission from these two species, where ammonia tends to trace the inner regions and the CCS is found to be located outside, surrounding ammonia cores, in a clumpy distribution Kuiper et al. 1996; Lai et al. 2003) .
If this evolutionary trend (CCS more abundant in starless cores and NH 3 in more evolved, active star forming regions) is correct, any chance to use CCS as a tool to study star-formation processes will necessarily happen during the very first stages of the stellar evolution, i.e., Class 0 protostars. Interestingly, in these young protostars some of the key phenomena characteristic of the star formation (infall, disk formation and powerful mass-loss phenomena) are especially prominent and coeval, and have their own kinematical signature, which make kinematical studies of their environment especially interesting. In this early stage of stellar evolution, the presence of water maser emission at 22 GHz is rather common. This emission is considered a good tracer of mass-loss activity in young stellar objects (YSOs) in general (Rodríguez et al. 1980; De Buizer et al. 2005) , and a good indicator of the age of low-mass YSOs, since they tend to be excited preferentially in the Class 0 stage (Furuya et al. 2001 ).
The critical scales for these star formation processes are of the order of ≃ 100 − 1000 AU in the case of low mass stars (≤ 1 ′′ − 10 ′′ for nearby molecular clouds; Beltrán et al. 2001; Chen et al. 1995; Claussen et al. 1998) . In order to study these phenomena with high enough resolution, it is necessary to carry out interferometric observations. This is feasible for strong maser lines, but very difficult for thermal emission (like CCS and ammonia) since it is usually weak and therefore requiring high sensitivity is needed. At wavelengths of ∼ 1 cm an instrument like the Very Large Array (VLA) provides high angular resolution, but at the expense of worse atmospheric phases that blur the emission. Weak sources, in which self-calibration is not possible, would not be detected, or the quality of their maps would be poor. Nevertheless, these kinds of problems have been addressed, in the case of continuum emission, by using the cross-calibration technique. This method involves the simultaneous observation of 1 cm continuum and strong water masers, and the use of the self-calibration solutions of the latter to correct phase and amplitude errors in the weaker continuum (Torrelles et al. 1996 (Torrelles et al. , 1997 (Torrelles et al. , 1998 . This technique of cross-calibration using water masers has never been applied to spectral lines. The CCS(2 1 −1 0 ) transition at ∼22 GHz is probably the best candidate to perform it, since it is only 110 MHz away from the H 2 O (6 16 −5 23 ) maser line.
A high-resolution study of the kinematics and the chemical evolution of the environment of the Class 0 source B1-IRS was carried out by de Gregorio-Monsalvo et al. (2005) . In that work, CCS, ammonia, and water maser emissions at 1 cm were observed with the VLA, although cross-calibration was not possible there, since the maser was not strong enough. Three different CCS clumps were detected, whose kinematical pattern was interpreted as gas interacting with the molecular outflow that exists in the region. This interaction was not observed using other molecular tracers or with lower-resolution observations of CCS in this source (Hirota et al. 2002; Lai et al. 2003) . The evidence of interaction with the outflow led de Gregorio-Monsalvo et al. (2005) to suggest the possibility that CCS abundance could be enhanced via shock-induced chemistry. Moreover, in that region a spatial anticorrelation between CCS and ammonia at scales of ≃5 ′′ was observed for the first time, which illustrates the importance of time-dependent chemistry on small spatial scales.
In this work we present a sensitive and systematic single-dish survey of CCS emission (complemented with NH 3 observations) at 1 cm wavelength, toward low-mass star forming regions that are known to harbor water maser emission, using the NASA's 70m antenna at Robledo de Chavela, Spain. One of our main aims is to find the best candidates to make interferometric CCS studies as the one made in B1-IRS with the VLA, but applying the cross-calibration technique for obtaining high-quality maps. Interferometric maps of CCS, ammonia and water masers would allow us to study kinematical and physical properties of star forming regions at high resolution. Another purpose of the present survey is the search for the youngest star forming regions, assuming that the presence of water masers and CCS emission are signs of youth in star forming regions. Moreover, we present a search for the relation between the CCS emission and the physical characteristics of the star forming regions of the survey, focusing on the molecular outflow properties, considering the possible association between CCS emission and the outflow suggested for B1-IRS. This paper is structured as follows: in section §2 we describe our observations and data reduction. In section §3 we show the survey results, as well as a short description of the sources detected. We discuss the results in §4 and, finally, we summarize our conclusions in §5.
Observations
Observations were carried out in different periods between 2002 April and 2005 March, using the NASA's 70-m antenna (DSS-63) at Robledo de Chavela, Spain. The total telescope time was ≃ 50 hours (without including calibration or pointing checks). We observed the CCS J N =2 1 -1 0 transition (rest frequency = 22344.033 MHz) and the NH 3 (1,1) inversion transition (rest frequency = 23694.496 MHz) toward a sample of star forming regions. This antenna has a 1.3 cm receiver using cooled high electron mobility transistor (HEMT) amplifiers. Calibration was performed using a noise diode. The half power beam width at these frequencies is ≃ 40 ′′ , and the mean beam efficiency is ≃ 0.4.
The sample surveyed (Table 1) consists of 40 low-mass (L bol < 100 L ⊙ ) and intermediatemass (100 < L bol < 10 4 L ⊙ ) star forming regions associated with water maser emission, as a sign of youth and ongoing star formation processes. Most of the sources are low-mass star forming regions, although we have included 12 intermediate-luminosity star forming regions as a control sample, in order to test any possible relation between the CCS emission and the mass of the sources. Observations were centered at positions where water maser emission has been reported in the literature.
Most of the CCS observations were performed in frequency-switching mode. We used a 256 channel digital autocorrelator spectrometer with a bandwidth of 1 MHz, centered at the V LSR of each cloud (see Table 1 ), which provides a velocity resolution of 0.05 km s −1 . Seven sources (see Table 2 ) were observed in position-switching mode, with a 384 channel digital autocorrelator spectrometer with a bandwidth of 2 MHz (velocity resolution of 0.07 km s −1 ). The system temperature varied from 44 to 135 K, depending on weather conditions and elevation, with a mean system temperature of 76 K.
The ammonia observations were also made in position-switching mode, using the 384 channel digital autocorrelator spectrometer. We used a bandwidth of 16 MHz, centered at the V LSR of each cloud, which provides a velocity resolution of 0.5 km s −1 . NGC 2071-North and AFGL 5157 were observed using a bandwidth of 4 MHz, with a velocity resolution of 0.13 km s −1 , but the spectra were smoothed to a final resolution of 0.5 km s −1 . The system temperature varied from 52 to 99 K, with a mean system temperature of 78 K.
The rms pointing accuracy was better than 10 ′′ . The data reduction was performed using the CLASS package, which is part of the GAG software package developed at IRAM and the Observatoire de Grenoble.
Survey Results
In Table 2 and Table 3 we summarize the results of the survey. Out of the 40 star forming regions surveyed in the CCS (2 1 -1 0 ) line, only 6 low-mass sources show emission, and their spectra are shown in Fig 1. We have not detected CCS emission towards any of the 12 intermediate-mass objects. On the other hand, we also observed 36 of the sources in the NH 3 (1,1) transition, of which 31 show detectable emission. We note that all sources detected in CCS are associated with ammonia emission. In order to compare our results with the work by Suzuki et al. (1992) , who surveyed dark cores mostly in Taurus and Ophiucus, we will consider only the low-mass sources in our sample. We have excluded the source L260 from statistical calculations, since its noise level for CCS is significantly higher than that of the other sources. In fact, several of our CCS detections are below the upper limit given for L260 (Table 2) . With this exclusion, we have a subset of 27 low-mass sources, among which we can strictly define as sources without detectable CCS emission those with T MB < 0.3 K or N CCS < 2.1 × 10 12 cm −3 . Taking from Suzuki et al. (1992) the star forming regions (considering as such those with presence of outflows and/or IRAS sources), the detection rates obtained for CCS is 23% at 22 GHz. Since their detection limit of the CCS column density is similar to ours, we can meaningfully compare it with our detection rate of 22% for CCS. Using Fisher's exact test, we determined that our detection rates for CCS is statistically compatible with that of Suzuki et al. (1992) , at a confidence level of 95%.
1 This compatibility is reasonable, since water maser emission (the selection criterion for our survey) is a good tracer of star formation activity (Furuya et al. 2003; Rodríguez et al. 1980 ).
Most of the star forming regions we surveyed have detectable ammonia emission, which suggests that ammonia survives well in the protostar phase, as indicated by the presence of water masers. Few of the regions have CCS emission, but all of these also have NH 3 . Therefore, there are no regions associated with both H 2 O maser and CCS emission, but without NH 3 . Bearing in mind that there are many CCS-emitting clouds without any sign of harboring protostars (Benson et al. 1998; Suzuki et al. 1992) , these results support the evolutionary sequence of CCS+NH 3 +H 2 O → NH 3 +H 2 O. In particular, it supports the idea that the CCS molecule is destroyed before ammonia.
Notes on the sources detected in CCS

L1448 Region
L1448 is a dense globule located in Perseus. This cloud contains numerous signatures of mass-loss activity (Bachiller et al. 1990 (Bachiller et al. , 1995b Curiel et al. 1999) and it is an interesting environment for studying the possibility that outflows from YSOs may induce new star formation in other regions of the parental cloud. Single-dish ammonia observations reveal two peaks located at the center and at the north-east of the cloud, associated with L1448C and L1448-IRS3 respectively (Anglada et al. 1989; Bachiller et al. 1990 ).
L1448C (Curiel et al. 1990 ) is catalogued as a Class 0 source (André et al. 1993; Barsony 1994 ) that drives one of the most energetic and highly collimated molecular outflows ever seen in a low-mass star forming region (Bachiller et al. 1990 ). This outflow reveals a strong interaction with the northern material of the cloud, associated with L1448-IRS3, the brightest far-infrared source of the region.
L1448-IRS3 is known to consist of three individual Class 0 sources: a close proto-binary system [L1448N(A) and L1448N(B)], in which each component powers its own outflow, and a third source, L1448 NW (Barsony et al. 1998; Curiel et al. 1990; Terebey & Padgett 1997) . Barsony et al. (1998) suggested that the outflow powered by L1448C was responsible for the formation of the proto-binary system, whose outflows may, in their turn, have produced the NW source.
We detected CCS emission towards both L1448-IRS3 and L1448C. This is the first detection of emission from this molecule reported for either of them.
B1-IRS
B1-IRS (IRAS 03301+3057
) is a far-infrared source located in the Perseus OB2 complex (Bachiller et al. 1990b ). This source is classified as a Class 0 source (Hirano et al. 1997) , and it is associated with a CO molecular outflow that displays a strong blueshifted emission (Bachiller et al. 1990b; Hirano et al. 1997) .
CCS emission at 22 GHz was detected for the first time in this region by . Later, Lai & Crutcher (2000) observed CCS at 33.8 GHz with the BIMA interferometer, and their maps showed a clumpy distribution surrounding B1-IRS. This clumpy distribution was confirmed with VLA CCS observations at 22 GHz (de Gregorio-Monsalvo et al. 2005) . The clumps exhibit a clear velocity gradient, interpreted as gas interacting with the molecular outflow. Moreover a CCS local abundance enhancement via shock-induced chemistry was also suggested for the first time in that work. B1-IRS was the first region where a spatial anticorrelation between CCS and ammonia was detected at high angular resolution (≃ 5 ′′ , de Gregorio-Monsalvo et al. 2005) .
NGC2071-North
NGC2071 North is located at 20 ′ north of the reflection nebula NGC2071 (Fukui et al. 1986 ). This region hosts a CO molecular outflow that lies near the source IRAS 05451+0037. Maps of the outflow at different angular resolution display very different geometries: a bent-U shaped outflow at 17 ′′ resolution, which suggests strong interaction with the ambient material (Iwata et al. 1988) , and overlapping blue-and redshifted emission at 50 ′′ resolution (Iwata et al. 1988; Goldsmith et al. 1992) , which is compatible with a bipolar outflow whose axis lies very near the plane of the sky. IRAS 05451+0037 is coincident with a CS and a NH 3 peak (Goldsmith et al. 1992) , and it shows the far-infrared spectrum of a T Tauri star (Iwata et al. 1988 ). This source was suggested to be the central engine of the molecular outflow (Iwata et al. 1988) , although this is somewhat uncertain due to the complicated geometry of the outflow. Suzuki et al. (1992) detected CCS at 45 GHz toward this source. In our survey, we report CCS emission at 22 GHz for the first time.
GF9-2
This source is located in the filamentary quiescent dark cloud GF-9 (LDN 1082), without any associated IRAS point sources or radio continuum emission (Ciardi et al. 1998; Wiesemeyer et al. 1999) . It was catalogued as a transitional object between pre-stellar and proto-stellar Class 0 phase (Wiesemeyer et al. 1999 ), which would turn GF-9 to be the youngest source in our survey. Furuya et al. (2003) detected the presence of weak redshifted CO wing emission, and a weak H 2 O maser (0.3 Jy). These authors pointed out that GF9-2 was the lowest-luminosity (0.3 L ⊙ ) object known to harbor H 2 O masers. We have detected both CCS and ammonia emission lines toward this source for the first time.
L1251A
L1251A (IRAS 22343+7501) is located at the northern part of L1251, a small elongated cloud located in Cepheus. This source has been classified as a Class I object (Mardones et al. 1997; Nikolić et al. 2003 ) and appears to be powering the extended CO outflow seen in this region (Sato & Fukui 1989) , as well as an optical jet (Balazs et al. 1992 ). Several radio continuum sources were discovered near IRAS 22343+7501 (Meehan et al. 1998) . Recent VLA centimeter observations, reveal that this IRAS source may consist of two protostellar objects, with spectral indices consistent with thermal emission, and either of them could be the driving source of the CO outflow (Beltrán et al. 2001) . We report CCS emission toward this source for the first time.
Discussion
The Lifetime of CCS in Star Forming Regions
The detection rate obtained in our survey for CCS (22% of the low-mass sources show CCS emission) is similar to the results of Suzuki et al. (1992) in star forming regions (23% detections). The low rate of detection of CCS emission in star forming regions seems to indicate that this molecule is soon destroyed after the processes associated with star formation begin. This result, together with the presence of water maser emission, allows us to roughly estimate the lifetime of CCS in low-mass star forming regions. The association of a low-mass central source with water maser emission typically lasts for one third of the duration of the embedded state (Wilking et al. 1994; Claussen et al. 1996) . This embedded phase is estimated to last for ≃ (1 − 4) × 10 5 yr (Wilking et al. 1989b; André & Montmerle 1994; Chen et al. 1995) . Therefore, the water maser emission lasts for ≃ (0.3 − 1.3) × 10 5 yr in low-mass star forming objects. If we assume that the regions of our sample are homogeneously distributed in age along the ≃ (0.3 − 1.3) × 10 5 yr in which water maser emission is observed, our detection rate of 6 out of 27, would indicate that the CCS emission lasts for ≃ (0.7 − 3) × 10 4 yr after star formation started.
Evolutionary stage of the SFRs associated with CCS emission
As we mentioned in the introduction, since the CCS molecule has been considered in previous works as a youth tracer of molecular cores, the star forming regions associated with this emission should contain some of the youngest YSOs. This evolutionary trend for the CCS chemistry must be valid as a general, qualitative trend when we compare large groups of molecular cores, although it may not stand in a quantitative way in the comparison of particular sources. In particular, the results of our survey do not totally agree with the first statement, since four of the sources that host CCS emission are catalogued as young Class 0 sources (GF9-2, L1448-IRS3, L1448C, B1-IRS), but L1251A and NGC2071-North are catalogued as more evolved YSOs. There are two possible explanations for these results: either the classification of the evolutionary stage of L1251A and NGC2071-North should be revised, or the particular physical conditions and processes of each source affect the production and destruction of CCS.
NGC2071-North (IRAS 05451+0037) shows a far-infrared spectrum of a T Tauri star (Iwata et al. 1988) . Nevertheless, there is no optical counterpart in the POSSM prints, and no near-infrared emission in the 2MASS catalog at the position of IRAS 05451+0037, which suggests a more embedded nature of this source. The complicated geometry of the molecular outflow of the region (see section §3.1.3), makes it difficult to know reliably whether IRAS 05451+0037 is the real engine of the outflow. In order to clarify the real geometry of the outflow, the power source, and its evolutionary stage, more accurate and extended observations of CO, together with submillimeter observations, are needed. In particular, the study of possible peaks at submillimeter frequencies (typical of Class 0 objects) and the measurement of the relation L smm /L bol (André et al. 1993) , are especially important to elucidate the possible existence of other embedded sources in the region, and to determine their evolutionary stage.
In the case of L1251A (IRAS 22343+7501), it is associated with a nebulosity visible at J, H, and K 2MASS-bands, and it is visible in POSSM plates. This source has been classified as a Class I YSO (Mardones et al. 1997; Nikolić et al. 2003) . Nevertheless, Meehan et al. (1998) discovered several radio continuum sources in the region near the IRAS source, candidates to YSOs, and the CCS emission could be associated with any of these embedded sources. In this case, higher resolution observations of CCS emission would be useful to study its association with those sources.
The second possible explanation would be to accept that, in some cases, CCS could be associated with sources in a more evolved stage. This could be the case if CCS emission depends not only on age, but also on the particular phenomena related to the star formation of each cloud. This possibility was already suggested in the high resolution CCS study of B1-IRS by de Gregorio-Monsalvo et al. (2005), who proposed that the CCS emission could be enhanced in the region where the outflow interacts with the surrounding cloud medium. The outflow interaction with fresh low-density gaseous material that exists around dense cores, could squeeze this low-density gas to the higher densities needed (≃ 10 5 cm −3 ) to form this molecule and excite its line emission. This phenomenon could explain the detection of this molecule in stages more evolved than Class 0 sources. The possible dependence of CCS on parameters different from age is discussed in next section.
Search for dependencies of CCS emission on source and cloud parameters
The abundance ratio [NH 3 ]/[CCS] was proposed by Suzuki et al. (1992) to be a good indicator of cloud evolution. This conclusion was based on theoretical pseudo-time-dependent calculations of the fractional abundance of CCS and NH 3 , under conditions of constant H 2 density and constant gas kinetic temperature. The variation of the fractional abundances in both molecules was explained as an effect of the evolution of the molecular clouds, with CCS more abundant in starless cores, and ammonia more abundant in regions with signs of star formation activity. Moreover, Suzuki et al. (1992) pointed out that this chemical evolutionary track was insensitive to the density of H 2 .
Nevertheless, when the column densities of both molecules (N NH 3 and N CCS ) are compared among different clouds, the proposed anticorrelation disappears ). In our case, if we order the sources in which we detected CCS by their ratio of derived column densities N NH 3 /N CCS , they are, from lowest to highest ratio: B1−IRS, L1448C, GF9−2, L1448−IRS3, L1251A, and NGC2071−North. If the N NH 3 /N CCS ratio were dependent on the age of cloud cores only, B1−IRS would then be the youngest source, and NGC2071−North the oldest one, but our ordering does not exactly conform to an evolutionary scheme. L1251A and NGC 2071-North have indeed been proposed to be the more evolved of these six sources, but most of the CCS non-detections seem to be younger than these two objects. On the other hand, we would expect GF9−2 to show the lowest N NH 3 /N CCS ratio, given its classification as a transitional object between prestellar and protostellar phase (Wiesemeyer et al. 1999 ).
These discrepancies are understandable if, as Suzuki et al. (1992) suggest, the evolutionary NH 3 -CCS anticorrelation fades out when using data from different sources.
The absence of anticorrelation among different clouds was explained by Suzuki et al. (1992) as the effect of the overlapping of individual evolutionary tracks for the chemistry of clouds with different H 2 column densities. For this reason, the relationship between column densities of CCS and ammonia may not be a good quantitative indicator of cloud evolution even assuming a common start time. This statement has also been suggested by Benson et al. (1998) , who did not find statistically significant differences between star forming regions and starless cores in their CCS column density.
Furthermore, even the abundance of CCS alone has been questioned as a good quantitative tracer of cloud evolution. Lai & Crutcher (2000) suggested that the abundance of CCS is not likely to trace the age of contracting cores very sensitively. Moreover de GregorioMonsalvo et al. (2005) proposed that CCS abundance could be enhanced through interaction with a molecular outflow, which suggests that the local conditions and processes within each cloud could also influence the CCS emission. Being evident that CCS emission does not depend on the age of the clouds only, we have searched for other possible dependences on different parameters. To do this, we have compiled from the literature several parameters of the observed sources (luminosity, radio continuum and water maser flux densities) and of their associated molecular outflows (degree of collimation, mass, dynamical age, mechanical luminosity, kinetic energy, momentum, and momentum rate). For consistency, we obtained the outflow parameters from single-dish observations of the CO(2-1) line, when available. Otherwise, we made use of interferometric and/or data from other CO transitions.
To check whether any of these parameters of sources and outflows is related in any way with the presence of detectable CCS emission, we have tried to determine whether the parameters show different distributions in the groups of sources with and without CCS emission. The application of a Kolmogorov-Smirnov test did not find any significant difference in distribution of the source or outflow parameters.
However, when we apply the same test to the characteristics of the ammonia emission we measured, we find that the distribution of the peak ammonia intensity significantly depends on CCS detectability. Interestingly, we found no significant difference in the distribution of integrated intensity (column density) of ammonia among sources with and without CCS. In a more quantitative way, the mean peak intensity of NH 3 in the group of sources detected in CCS is 3.3 K, while that in the group of undetected sources is 2.1 K. We found that these two means are significantly different, using a T-test (and first applying a Lilliefors test to check that the involved variables follow a normal distribution, which is a prerequisite for the use of the T-test).
We have to be cautious in interpreting this result that sources with detectable CCS emission show significantly brighter NH 3 emission. We have assumed in our calculations that the filling factor of both emissions has a value of one, which is likely not to be true, at least in the case of CCS, since interferometric maps in several regions show its emission to be significantly clumpy (Velusamy et al. 1995; Lai & Crutcher 2000) . Therefore, the trend we have found could be just a distance effect since, if the molecular emission does not fill the Robledo beam, sources closer to us would tend to be brighter in both CCS and NH 3 . However, we think that the observed trend of higher peak NH 3 intensity in sources with CCS is due to intrinsic characteristics of the sources, rather than to a filling factor/distance effect. The most important argument is that, if it were due to a distance bias, we would expect exactly the same trend for the NH 3 integrated intensity but, as mentioned above, we saw no significant difference for this quantity between sources with and without detectable CCS emission. On the other hand, it is not obvious that the subset of low-mass sources with CCS emission are significantly closer to us than those without emission.
A possible effect of different filling factors could be to hide real correlations between source and cloud parameters and those of the molecular line emission. However, we do not think it likely that it is showing a spurious correlation in this case. In any case, the impact of source distance on filling factors is probably not very strong, if the whole extent of the molecular emission is larger than the telescope beam. If this is the case, the filling factor of a clumpy distribution, albeit lower than 1, would not change much with distance if clumps were more or less uniformly distributed within the total spatial extent of the emission. In the case of B1−IRS, CCS and NH 3 maps show emission ≃ 3 times more extended than the Robledo beam (≃ 40 ′′ ). Ammonia maps of the sources sampled here are also typically larger than this beam (cf. Jijina et al. 1999) . The lack of CCS maps in the star forming regions in which we detected this emission makes the quantification of their filling factor difficult.
The fact that we find differences in peak intensity, but not in integrated intensity can be explained if the significant decrease of NH 3 peak intensity between sources with and without detectable CCS emission is somewhat compensated by a corresponding increase in the NH 3 line width, resulting in small differences in integrated intensities. This could be interpreted in evolutionary terms, since mass-loss phenomena related to active star forming processes would increase the turbulence of the surrounding interstellar medium, thus broadening the line width as these processes progress. Therefore, younger regions would tend to show detectable CCS emission and narrower NH 3 lines. However, with our data we cannot confirm such a trend for ammonia linewidths. A Kolmogorov-Smirnov test did not find any significant difference in those linewidths between sources with and without detected CCS. It may still be possible that there is a difference, too small to be detected by the Kolmogorov-Smirnov test, but enough to blur the differences in integrated intensity between sources with or without CCS.
It is also noticeable of interest to consider the different widths of the CCS and NH 3 lines for the 6 sources detected in the former (see Tables 2 and 3 ). Ammonia thermal linewidths are a factor of ≃ 1.8 intrinsically broader than those of CCS, due to the different masses of these molecules, but this thermal broadening alone cannot explain the observed differences. In the most extreme cases, L1448−IRS3 and GF9−2, the NH 3 line is more than 3 times broader than the CCS one. This is consistent with both lines tracing different regions of gas, with different kinematics. The narrower CCS lines would trace more quiescent gas, with less turbulence or velocity gradients. B1-IRS is the source in which both line widths are more similar, but de Gregorio-Monsalvo et al. (2005) shows that in this source, the CCS-emitting gas shows evidence of interaction with the molecular outflow, with clear velocity gradients, which makes CCS lines wider. Apart from B1-IRS, the source with the most similar line widths is L1448C, a source with an energetic molecular outflow. This could suggest that the gas traced by CCS in this region may also be significantly interacting with the molecular outflow. In this context the source GF9-2 would be the youngest source, in agreement with the transitional prestellar-protostellar classification made by Wiesemeyer et al. (1999) .
We point out that these results must be considered carefully, since they are based on a small sample of regions showing CCS emission. The lack of statistically significant results for the source and outflow parameters indicates that CCS emission could be sensitive to the local temperature and density conditions of each cloud, or to filling factor/distance effects. Moreover, we must take into account that the outflow and source parameters were obtained from different instruments, and that on the other hand, the number of CCS detections is small, which would mask possible correlations. We obviously need to widen this study to include more star forming regions associated with CCS emission. Moreover, obtaining a homogeneous set of observations of outflows and source parameters (obtained with the same telescope for all sources) would be useful for improving our statistical study. While such studies will require a large amount of telescope time, it is not possible to circumvent the fact that gas and dust in star forming regions have very low surface brightness.
Prospects for future interferometric observations
There is not yet a theoretical chemical model that includes the effects of a central protostar and explains how they affect CCS and ammonia formation and destruction. High resolution observations of CCS and ammonia in star forming regions can provide the data against which such models could be tested.
Following the results obtained for the B1-IRS region (that suggest an interaction of the CCS with a molecular outflow that could enhance CCS via shocked-induced chemistry, and show for the first time a spatial anticorrelation between CCS and NH 3 at scales of ≃5 ′′ ) we propose that the six detections in this survey are good candidates for high angular resolution observations, to compare with and to understand better the results obtained in B1-IRS.
All of these six sources are intrinsically interesting for detailed interferometric observations. Also, L1448C and L1448-IRS3 are especially appropriate for studying the suggested association between the CCS and the molecular outflow, since this region hosts energetic and collimated molecular outflows. Moreover, this region is a good environment for studying outflow-induced star formation. In GF9-2 it would be interesting to study the CCS and the ammonia distribution in a young object transitional between pre-stellar and protostellar Class 0 source. NGC2071-North and L1251A are good prospective sites for making highresolution observations of CCS in regions classified as more evolved (in which very few such observations have been made), or to try to reveal whether there is a younger object driving their respective molecular outflows.
Conclusions
We present a single-dish survey of CCS and NH 3 emission at 1 cm, carried out with NASA's 70m antenna at Robledo, toward a sample of low-and intermediate-mass young star forming regions that are known to harbor water maser emission. Our aim was to find the best candidates for a VLA high resolution study of the kinematical and physical properties of young Class 0 objects, to search for the youngest protostars, and to determine the relationship between CCS and NH 3 in star forming regions. Our general conclusions are the following:
• We have detected 6 low-mass sources that show CCS emission, out of a sample of 40 star forming regions associated with water maser emission. Four of these (L1448C, L1448-IRS3, GF9-2, and L1251A) had not been previously detected in any CCS transition, another one (NGC 2071-North) has been detected for the first time with the CCS line at 1 cm, while the other one (B1-IRS) had already been reported to show CCS emission in this and other transitions. All our CCS detections also show ammonia emission.
• From the CCS detection rate, and the duration of the water maser emission in lowmass star forming regions, we derive a lifetime of this molecule of ≃(0.7−3) × 10 4 yr in these regions, after star formation started.
• Three of the six sources detected in CCS are catalogued as Class 0 protostars (L1448-IRS3, L1448C and B1-IRS), one could be a transitional object between pre-stellar and protostellar Class 0 stage (GF9-2), and the last two sources (NGC2071-North and L1251A) are catalogued as more evolved, a young T Tauri and a Class I source, respectively. Since CCS is considered an early-time molecule, to explain the CCS detections in more evolved objects, we speculate with two possibilities: either the classification of NGC2071-North and L1251A should be revised, or the star formation activity and the physical properties of each cloud could influence in the production and destruction of the CCS molecules.
• We did not find any statistically significant trend that may relate the presence of CCS emission with different parameters of the molecular outflows or the central sources of these star forming regions.
• We found that the distribution and mean of the peak intensity of NH 3 in the group of sources detected in CCS are significantly different from those in the group of undetected ones, with the ammonia mean peak intensity higher in regions with CCS. However, no significant difference is found with respect to the integrated intensity of NH 3 . Stronger NH 3 peak line intensities with indistinguishable integrated intensities suggests that the lines are narrower and the emitting regions less turbulent (i.e. younger).
• The linewidths of the CCS and NH 3 lines are noticeably different, with CCS being 3 times narrower in some cases. This suggest that emission from these lines arises from gas with different kinematical properties within the telescope beam. The cases with more similar widths (B1-IRS, L1448C) may trace strong interactions between molecular outflows and the CCS-emitting gas.
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